(3) 




Europalschas Patentatnt 
European Patent Office 
Office europ&en des brevets 



Publicatloci numbar: 



0 064 846 

A2 



® 



EUROPEAN PATENT APPUCATION 



Application number: 62302233.0 
© Date of filing: 29.04.82 



® int B 22 F 5/00 

B 22 F 7/08, H 02 K 15/02 



CM 
< 

(0 

00 

o 



@ PrroritY: 01.05.81 US 259737 

(g) Date of publication of application: 
17.11.82 BullBtin £2/46 

® Designated Contracting States: 
DE FR GB 



@ Method of making motor stater. 

@ A method of maicing a single piece stator (2) for eiectric 
motor mi izes a die cavity having a castellated Inner suS« 
and radialiy extending portions along its outer aurfaca A 
n^agnetic material filling the die cavity is sintered after a first 

Tl^l^T^ '"r ^^''^ ' '"^"^ densification and prior to 
a second densif, cation, and wire having a heat bondable 
ma^nal over electncai insulation is ussd to size the interior 
diameter of the stator. •"«rwr 
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• METHOD OF MAKING MOTOR STATOR 

Torque motors are either dc commutator or brushless 
synchronous machines operated in the torque (zero or iow-speed) mode. 
The stators of conventional torque motors include a high silicon steel 
toroidal core constructed of either circular individual laminations or tape 
wound from a continuous strip. After formation, the stator core is 
toroidally wound with an appropriate number of coils for its rotor and 
application, and is then surface encapsulated in an electrically insula:ting 
material to provide electrical insulation and mechanical strength and to 
control the internal diameter clearance for its rotor. Mounting brackets 
and, in some instances, cooling fins^are then attached to the stator. 

Torque motor stators of the foregoing conventional 
construction are subject to thermal and mechanical distortions. 
Although the peak torque of a torque motor is limited by magnetic 
saturation of the stator core, the continuous torque of the motor is 
limited by excess heat generation the motor. Encapsulation of the 
stator core and coils impedes the dissipation of heat produced by the 
operating current in the motor windings, thereby promoting thermal rise 
and thus limiting continuous torque. Mechanical distortions result 
in part from inadequate provisions for mechanically mounting of the 
stators requiring separate mounting brackets, and from the use of 
different materials for the stator core, encapsulant, and mounting 
brackets. Those different materials react differently to thermal rise due 
to their different coefficients of thermal expansion, and such differing 
reactions produce mechanical distortions. Since the clearance between 
the stator and rotor of torque motors is very slight, mechanical 
distortions can result in motor failure. 

In addition to the distortion drawbacks of conventional torque 
motor stators, such stators have an economic drawback due to the high 
cost and complexity of their process of manufacture. Also, it can be 
difficult to control the internal diameter of the stator, thereby making it 
difficult to provide the desired very slight stator/rotor clearance. 
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In accordance with the invention, a single cavity mold or die 
and high purity powered iron are used to provide a low cost, single piece, 
sintered toroidal core for the stator of a torque motor. The mold for the 
core provides for axial through holes for mounting, and integral heat 
radiating fins. Castellation of the mold surface permits the stator 
windings to be sufficiently removed from the toroidal surface such that 
flush mounting can be achieved conveniently without the need to 
encapsulate the entire assembly. The integral mounting and heat 
dissipation arrangements, and the limited encapsulation, significantly 
reduce mechanical and thermal distortions, thus contributing to increasing 
the available continuous torque of the motor. The present invention also 
substantially reduces the cost of mounting, centering, and subsequent 
assembly of the motor into its final configuration, as well as simplifying 
the attachment of ancillary devices, such as position and velocity 
transducers. 

The present invention wiU now be described by way of example 
with reference to the accompanying drawings, in which: 

Figure 1 is a perspective view of a motor stator during one 
step of the processing thereof^* 

Figure 2 is a perspective view of a wired motor statorj 

Figures3A-3D are sectional views depicting the steps of 
making a motor statorj 

Figure * Is a perspective view depicting further processing of 
a wired motor stator^. and 

Figure 5 is a plan view of a die used in the process of making 
a stator motor. 

The motor stator and its method of manufacture will be 
described in relation to a four-pole torque motor. It is contemplated, 
however, that the invention will apply equally to motors having more or 
less than four-poles, and to tachometers. 

Referring now to Figure 1, there is 
shown a single piece toroidal stator core 2 made of highly 
compressed and sintered high purity powdered iron or powdered iron and 
other powdered material to improve, magnetic properties. Core 2 
includes heat radiating fins ^ and is provided with axial through holes 6 
for mounting. In addition, core 2 is in a castellated form. 
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having crennelJed portkn! 8 and merJon oortions in a w 

stator coU 12. Each mil i-> • ^ witn a toroidaUy wound 

i£. cacn coil 12 is comprised of u.- * 

gauge for the motor application anW * appropriate 

of . motor ^ disclosed su,„r. B, .w '^ 7 '""^ 
cr^^Uod portion 8 „, „e 3,. J cir 

. . „ so,v.„..„. j:;::ito:::^:--^r 

will have a substantialjy smooth inner surface tK k 

a =.ng , cav„, „o,d With «, „«d ,or ,ddl,,„„„ ^aco^iary IcW^" 
relative to conventional stators. 

« h.. n °' ^'^^ « initiated by the formation of a die 

18 having a spring Joaded center ^r.w 

shao.d t. ; 7 SeneriUy toroidal cavity 21 

^P.d to corr^p^d ,0 d=ir«, ,,.p, ^ ^ ^ 

r^ " °"" " '^"•^ 21 has an outer surface „i" 

s r :^rrar*' r"" ^-"^ «™ » 

~ LT «He cavity 

«d,ace„. the radially extending portions W to provide tor mounting holes 
The n,a„„al the die can be Kingston ^ ^„„„ ^ Jj^^ 

ZZ L * """"^ °' '"^ '-0-phos^orous 

iming cavity 15 is now compressed (Figure 3B) to a "green" 
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preform having a density on the order of 7.3 g/an\ The preform 22 is 
now ejected from the die and placed In a furnace 40 (Figure 30 with a 
controlled-atmosphere, such as an inert gas, untU sintered. The sintering 
temperature and time would depend upon the content of powder 20, a 
temperature of about l,i20°C for about thirty (30) minutes wiU 
adequately sinter Ancorsteel W. The phosphorous content of 
Ancorsteel <f5P is controlled at a level where there is little change in the 
preform sire during sintering, thereby permitting good dimensional 
control. 

■ 

Following sintering, the preform is transferred (Figure 3D) to 
a hot press forge U2 operating at a temperature, for example, ilOO^C, and 
a pressure, for example,of 517MslVn^that will remove voids and ensure 
complete densification of the powder 20, such density being about 
S.6g/cm^ when Ancorsteel is used. It is Important that the transfer 
time between furnace and press is at a minimum if atmosphere 
protection is not provided. Too Jong an exposure would cause penetration 
of oxide along the interconnecting pores of the preform, which is still 
relatively porous before densification by the press* 

When ejected from the press, the preform has the 
configuration of the stator core of Figure L Now the stator core is 
coated (not shown) with a thin 0.05-0 Jmm layer of an electrical insulating 
material, such as by dipping the stator core in a varnish or epoxy bath. 
This insulating layer prevents shorting of the stator coUs 12 should a 
portion of any of them be nicked or cut during the conventional winding 
process which results in the stator device of Figure 2. As noted, the 
stator coils are formed preferably from wire having a heat or solvent- 
activated bondable coating over electrical insulation. When such wire is 
used for the stator coils, the next step In the manufacturing process is to 
form and precision size the inside diameter of the stator. As shown in 
Figure (f, such precision sizing is achieved by inserting into mounting 
holes 6 the registration pins 26 of a forming mandrel 2& having an outside 
diameter corresponding to the desired inside diameter of the stator. In 
effect, the mantfrel 28 will contact stator coils 12 and force them into 
the desired radial, position. The radial position of the stator coils is now 
permanently fixed, such as by heating the mandrel via wires 30 when the 
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sta-tor coils have a heat activated bondable coating thereon. 

As described, the entire stater coii Is fabrirat^H • 

he^ai ar. ,i„,i,ed, since «,e „^„„ ^^^^^ 

contmuous ,or,^e limMs of a nottr using *,s stator. * 



0064846 



-1- 



Claims 



1- A method of making a statar for a motor or like rotary 

machine by a sintering process Including the steps of: 

forming a die with a cavity the outer surface of which has 
radiaJly-BXtending portions and the inner surface of which is castellated, 
and having pins extending parallel to the axis of the stator, 

filling said cavity with a sinterable powder having magnetic 

properties, 

compressing said powder to a cohesive mass having a first 

density, 

heating said cohesive mass to provide a sintered mass, 
compressing said sintered mass to a second density greater 
than said first density, and 

encircling portions (8) of the highly compressed sintered mass 
with wire coated with an insulating materiaL 

2- A method as claimed in claim 1, including the steps of using 

wire having a heat activated bondable material over electrical Insulation, 

inserting a heatable mandrel into the center of said 
compressed sintered mass with encircling wires, and 

heating said mandrel sufficiently to activate said bondable 
material to cause the windings (12) to present part-cylindrical surfaces 
having a common radius. 

^* A rotary electrical machine having a rotor and a stator (2), in 

which the stator is made from an integral mass of sintered material 
having heat exchange portions (A) angularly spaced apart by arcuate 
portions on which are disposed windings (12) of insulated wire, 

A machine as claimed in claim 3, in which the wire is provided 
with an additional or substitute heat-bondable coating, and in which the 
stator has been subjected to a heat-shaping process by which the wires 
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b.c„„. b.™.ed together s™, cooperate „Ub port..™ «, e„ ^„„. , 
n,e™.o^al.,..t.b,e hoUow cyUndrtC .urface to receive , rotor w,th 
little and uniform radial clearance. 



5. 



A machine as claimed in claim 3 or 4, in which each heat 
exchange portion (4) Is formed with a plurality of longitudinal and .dial 



ol.i H ""^ °' "^^'"^^ ^-5' Which each 

P t.on (4) has .n It a passageway (6) extending parallel with ^e stator 
axis for receiving a mounting bolt or like device. 
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FIG. 2 
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FIG. 3C 
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FIG, 4 



